on behalf of the RV254/SEARCH010 Study Team ABSTRACT The Roche Cobas AmpliPrep/Cobas TaqMan HIV-1 test, v2.0 (the CAP/ CTM assay), was used to quantify cell-associated HIV-1 (CAH) nucleic acid in peripheral blood mononuclear cells (PBMC) from well-characterized clinical specimens from HIV-1-infected individuals on antiretroviral therapy (ART). Chronically infected individuals on ART with no detectable plasma HIV-1 RNA demonstrated average CAH burdens of 3.2 HIV-1 log 10 copies/million cells. Assay sensitivity and specificity were 98.9% and 100%, respectively, with the positive and negative predictive values being 100% and 98.6%, respectively. The CAH burden was also measured at weeks 0, 1, 2, 8, and 60 in 37 participants (RV254/SEARCH010, Bangkok, Thailand) stratified by Fiebig stage (Fiebig stage I [FI] to FVI) at ART initiation. Prior to ART initiation, the average CAH burden was 1.4, 4.1, and 3.6 log 10 copies/million PBMCs for individuals who initiated ART at FI, FII, and FIII to FVI, respectively. Initiation of ART resulted in a rapid decline of CAH in all individuals, with the greatest decrease being observed in individuals who initiated ART at FI to FIII. By week 60, 100% (FI), 71.8% (FII/FIII), and 20.5% (FIV to FVI) of samples from individuals initiating treatment were at or near the limit of quantitation. Residual CAH was detectable at 60 weeks in most individuals who initiated ART at later stages (FIV to FVI) and averaged 1.9 Ϯ 0.7 log 10 copies/ million PBMCs. The modified Roche CAP/CTM assay provides a convenient, standardized approach to measure residual HIV in blood and may be useful for monitoring patients under therapy or those participating in HIV remission studies.
T reatment of human immunodeficiency virus type 1 (HIV-1) infection by antiretroviral therapy (ART) rapidly reduces the plasma viral load to levels below the limit of detection (LOD)/limit of quantification (LOQ) by standard clinical monitoring assays, limits the forward transmission of HIV, reduces adverse health outcomes, and improves the quality of life (1) (2) (3) (4) . While treatment with ART prevents viral replication, HIV eradication is impeded by the persistence of a durable reservoir of latently infected cells harboring proviral HIV-1 DNA (5) (6) (7) (8) . This reservoir, established early in infection, continues to serve as a source of viral replication upon discontinuation of ART (9) (10) (11) (12) . Initiation of ART during acute infection results in a dramatic decrease in the levels of HIV-1 DNA in peripheral CD4 ϩ T cells, with the greatest reduction being observed in individuals treated at the earliest stage of acute infection (Fiebig stage I [FI]) (9, 12, 13) or during the treatment of perinatally HIV-1-infected infants (14) (15) (16) (17) . The impact of early treatment on the HIV-1 reservoir burden, however, does not equate to clearance of virus or viral cure. Plasma viral load rebound was detected within 2 to 4 weeks of ART cessation in individuals with an undetectable plasma viral load; only a modest delay in rebound was seen in individuals who initiated ART at Fiebig stage I (18) (19) (20) . A rapid rebound of plasma HIV-1 RNA was also observed after treatment interruption in HIV-1-infected children, with the time to rebound being correlated with the size of the reservoir and the time of initiation of therapy (21, 22) .
More recent approaches to viral cure and efforts to eradicate the reservoir have combined early ART treatment with targeted killing of latently infected cells (23) . These approaches include therapeutic vaccines that elicit broad immune responses and shock-and-kill strategies by activating latently infected cells with HIV latency-reversing agents (LRAs) and then employing drugs, broadly acting monoclonal antibodies, or other immune-mediated cell killing mechanisms (24) (25) (26) (27) . Assessments to determine whether interventions have resulted in HIV remission or eradication require carefully controlled analytic treatment interruptions (ATIs). Despite much anticipation of success, ATI has at best led to a delay in viral rebound by several weeks to months, raising scientific and ethical questions regarding the possible risk to individuals with premature interruption of treatment (28) . Current approaches for monitoring the residual reservoir burden have serious accuracy and/or reliability limitations. The quantitative viral outgrowth assay (QVOA), widely viewed as the gold standard for measurement of the circulating HIV reservoir, relies on viral culture and is tedious, time-consuming, and expensive (29, 30) . Furthermore, this assay lacks precision and underestimates the burden of latently infected cells in the blood compartment due to the presence of noninduced, yet intact, replication-competent proviruses (31) (32) (33) .
The total HIV-1 DNA burden in blood, cell subsets, and tissues correlates with posttreatment residual viremia, immune activation, and the time to rebound upon therapy interruption (18, 20, 34, 35) . Accurate monitoring technologies are required for assessment of the HIV-1 DNA reservoir, surveillance of disease progression, and evaluation of prospective therapeutic cure approaches that target latently infected cells prior to ATI (36) . Research assays currently employed to measure the burden of HIV-infected cells in individuals with undetectable plasma viral RNA are low throughput, relatively expensive, and not well standardized, making them impractical for routine clinical use or for monitoring clinical trial participants (33) .
In this study, we evaluated the utility of the Roche Cobas AmpliPrep/Cobas TaqMan HIV-1 test, v2.0 (the CAP/CTM assay), which detects both HIV-1 RNA and DNA, to quantify cell-associated HIV-1 (CAH) nucleic acid in whole blood or peripheral blood mononuclear cell (PBMC) specimens from chronically HIV-infected individuals on longterm therapy and from individuals initiating ART during acute infection. The CAP/CTM assay, which targets two regions of the HIV genome, the long terminal repeat and gag, is not subject to drug pressure and is FDA approved for clinical monitoring of the HIV-1 viral load in plasma. The Roche CAP/CTM assay reliably detects and quantifies all major HIV-1 subtypes (it does not detect HIV-2) and has been extensively used for clinical monitoring of the HIV-1 burden globally (37, 38) . The assay has also been widely used for HIV-1 proviral DNA detection from whole blood and dried blood spots for the early diagnosis of infection in infants (39) (40) (41) (42) . A modification of the intended use of the quantitative CAP/CTM assay to detect and quantify cell-associated HIV-1 (CAH) nucleic acid would provide accuracy, precision, robustness, reproducibility, and high throughput on an automated, closed system format that may be more practical than current laboratory-developed PCR or culture assays for monitoring the reservoir burden in patients on therapy. during acute HIV infection, cell numbers were based on the actual PBMC count obtained prior to archival storage, with the test results being multiplied by 1.3 to obtain the number of copies per million cells.
LOQ for Roche CAP/CTM assay on cells. The lower limit of quantitation (LOQ) and lower limit of detection (LOD) for the Roche CAP/CTM assay on whole-blood and cell samples were based upon the LOQ/LOD for the HIV-1 RNA assay, 20 HIV-1 RNA copies/ml. Based upon this limit, the calculated LOQ/LOD for the Roche CAP/CTM assay is 26 copies/million cells for cell pellet samples with 1 million cells, 52 copies for cell pellets from 0.5 ml blood, and 130 copies for 0.2 ml blood.
HIV Roche CAP/CTM assay values for clinical samples were converted to the number of HIV log 10 copies per million cells for analysis. The Prism (version 7) (GraphPad Software, La Jolla, CA) and Excel software packages were used for correlation, ordinary one-way analysis of variance (ANOVA), two-way ANOVA, column statistics, and linear regression analyses. Sensitivity and specificity calculations were performed on MedCalc statistical software (https://www.medcalc.org/calc/diagnostic_test.php).
Regulatory approval. The clinical specimens used in this study were collected under human subjects research protocols approved by the institutional review boards at the respective collecting institutions and at the Walter Reed Army Institute of Research (WRAIR). Specimens were provided to the laboratory in a blind manner with no private health or personal identifying information. Specimens from chronically HIV-1-infected participants on ART under therapy were collected at Miriam Hospital, Providence, RI, in conjunction with the Walter Reed Army Institute of Research from 2006 to 2010 (RV180 study). The samples from individuals treated at early and later Fiebig stages were collected at the Thai Red Cross AIDS Research Centre in Bangkok, Thailand (RV254/SEARCH010), from 2009 to 2016. In the conduct of research where humans are the subjects, the investigators adhered to the policies regarding the protection of human subjects prescribed by the Code of Federal Regulations (43) (44) (45) . The investigators have adhered to the policies for protection of human subjects as prescribed in Army Regulation 70-25.
RESULTS
The ability of the CAP/CTM assay to detect cell-associated HIV-1 (CAH) was evaluated by triplicate testing of serial dilutions of cultured 8E5 cells, which contain, on average, a single copy of an integrated HIV-1 genome per cell, spiked into whole blood (Fig. 1 ). The number of HIV-1 copies detected showed a strong linear relationship to the number of input 8E5 cells from 2 to 70 cells (R 2 ϭ 0.952; y ϭ 1.442 · x ϩ 7.524). The average number of HIV-1 copies per cell based upon the slope of the line was 1,442 copies/8E5 cell (range, 49 to 2,249 copies/8E5 cell). Since the assay detects both RNA and DNA, the majority of the signal is presumed to represent cell-associated RNA. The LOD was evaluated with 10 replicates each (0.1 ml) of 8E5 cells at 100, 10, and 1 cells/ml (Fig. 2 ). The CAP/CTM assay provided a quantified value for all replicates at concentrations of 100 and 10 8E5 cells/ml, corresponding to 10 cells and 1 cell per replicate, respectively. The level of CAH per 8E5 cell observed in the LOD study ranged from 55 to 2,149 copies, with average values of 606 and 1,144 CAH copies/cell for aliquots with 10 and 100 cells/ml, respectively. The assay also detected and quantified 1 of 10 replicates at one 8E5 cell/ml (or 0.1 copy per replicate) and is thus capable of detecting a single 8E5 cell.
Results from testing cell pellets (n ϭ 93) and matching frozen whole blood (FWB) . The dashed lines represent the assay lower-limit cutoff. The CAP/CTM assay results were adjusted for cell input. Samples in which CAH was detected but not quantified by the Roche CAP/CTM assay are represented at the lower-limit cutoff. Roche CAP/CTM assay results are not shown on the right for uninfected individuals, as all test results were target not detected. Assignment of a value of 1 to results of target not detected provides a log 10 value of 0, placing all results of target not detected on the x axis. The LOQ for cell pellets was 1.72 log 10 copies/million cells, and that for FWB was 2.1 log 10 copies/million cells.
(Bland-Altman; Fig. S2 ). CAH was not detected in any of the FWB (n ϭ 71) or cell pellet (n ϭ 68) samples from uninfected participants, for a specificity of 100%. Three cell pellet sample results were excluded due to failed reactions caused by a clot in the sample. The sensitivity of the CAP/CTM assay for the detection of CAH in cells of ART-treated individuals with undetectable plasma HIV-1 RNA was 98.9%. The corresponding positive predictive value was 100%, and the negative predictive value was 98.6% (Table 1) . CAH was evaluated in individuals who had initiated therapy during acute HIV infection (RV254/SEARCH010 trial, Bangkok, Thailand). The distribution of plasma HIV-1 RNA and CAH, as stratified by Fiebig stage at the time of treatment initiation, is shown in Fig. 4 . Prior to ART initiation, plasma HIV-1 RNA levels ranged from 2.4 to 5.2 log 10 copies/ml (mean ϭ 3.7 Ϯ 1.0 log 10 copies/ml) for participants who initiated ART at FI and 4.2 to 6.9 log 10 copies/ml (mean ϭ 5.7 Ϯ 0.6 log 10 copies/ml) for participants who initiated ART at FII to FVI. The levels of CAH in blood paralleled the plasma viral load and rose rapidly from 1.441 Ϯ 1.24 log 10 copies/million cells at FI to 4.0 Ϯ 0.4 in FII and then plateaued at 3.5 Ϯ 0.6 in participants who initiated ART at FIII to FVI. Plasma viral RNA and CAH concentrations in early infections prior to treatment showed a positive correlation (R 2 ϭ 0.663).
After the initiation of ART, a rapid decline in the plasma HIV-1 RNA level was observed, with all individuals having levels below the assay LOD by week 8 of treatment, regardless of their Fiebig stage at ART initiation (Fig. 5 ). The CAH level of participants initiating ART at Fiebig stage I was low and declined to undetectable levels within 2 to 8 weeks of therapy. Participants who initiated therapy later showed a much slower decline in CAH over the 60-week observation period ( Fig. 6 ). Low but persistent levels of CAH were observed in participants who initiated ART at Fiebig stage II/III, with the levels in 3 individuals becoming undetectable after 8 weeks of therapy and the levels in 7 becoming undetectable by 60 weeks. The level in one individual who initiated treatment at FV was undetectable by week 8, and the level in one individual who initiated treatment at FIV was undetectable by week 60. The average rates of decay of CAH followed a biphasic pattern, in which the initial rapid rates of decline in the first few weeks after therapy were followed by a more gradual decline over the following months. The slopes of the decline for the first 2 weeks for participants who initiated ART at Fiebig stages II and III were 0.69 log 10 copies per week, declining to 0.10 log 10 copies per week between weeks 2 and 60. The decline for participants who initiated ART at Fiebig stages IV, V, and IV was much slower, with a loss of 0.69 log 10 copies per week for the first 2 weeks and 0.01 log 10 copies per week in the last 58 weeks. The final distribution of the CAH level at 60 weeks after treatment with triplicate measurements for each individual is shown in Fig. 7 . Figure 7A shows that CAH levels from all samples from participants who initiated ART at Fiebig stage I (100%) were either undetectable (96.3%) or below the LOQ by the CAP/CTM assay. The percent undetectable or below the LOQ for participants who initiated ART at Fiebig stages II and III were 72.2% and 71.4%, respectively. Fewer individuals starting therapy at Fiebig stage IV to VI had levels that were below the LOQ at week 60, with the percentage progressively decreasing to 23.8%, 13.3%, and 0.0%, respectively. All samples from participants who initiated treatment at Fiebig stage VI had detectable CAH, with an average of greater than 100 copies per million cells. For the remaining individuals with detectable CAH, the average and range of levels of residual virus increased progressively as treatment was initiated at later Fiebig stages (Fig. 7B) . ART initiation at Fiebig stages II and III resulted in low but detectable levels of CAH at week 60, with mean titers of 1.01 and 0.69 log 10 copies per million cells, respectively. Further delay of ART initiation resulted in a substantial burden of residual virus in cells after 60 weeks of treatment, with the burden increasing to 1.64, 2.07, and 2.38 log 10 copies/million cells for participants who initiated treatment at Fiebig stages IV, V, and VI, respectively.
The overall rate of decline of CAH in individuals initiating ART at FI, FII/III, or FIV to FVI is summarized in Fig. 8 . The average CAH level for individuals initiating ART at FI was 1.4 Ϯ 1.2 log 10 copies/million cells ( Fig. 8) , which was near the assay LOQ, and declined rapidly by week 8, with the levels in all samples being below the LOD/LOQ (1.41 log 10 copies/million cells) and CAH being detectable only by replicate testing. CAH was still detectable in one of three replicates from only a single individual by week 60. Participants initiating ART at FII/III had much higher initial CAH levels (3.8 Ϯ 0.7 log 10 copies/million cells) that declined rapidly to 1.6 Ϯ 0.9 log 10 copies/million cells by week 8, and 0.8 Ϯ 0.8 log 10 copies/million cells by week 60 (Fig. 8) . A slower decline in CAH was seen in participants who initiated treatment at Fiebig stages IV, V, and VI, with the average number of log 10 copies per milliliter being 3.6 Ϯ 0.7, which declined to 2.3 Ϯ 0.8 by week 8 and 1.9 Ϯ 0.8 by week 60 (Fig. 8) .
The level of CAH measured in individuals who initiated ART in FI differed significantly from that measured in those initiating ART at later Fiebig stages (Table S1) , with the greatest significance being seen in individuals who initiated ART at FIV to FVI at all time points (P Ͻ 0.0001, two-tailed t test). Individuals initiating ART at FII and FIII were grouped together, as the CAH levels in those individuals were not significantly different across all times (P ϭ 0.1189 to 0.5459). The CAH levels in individuals initiating ART at FI were significantly different from those in individuals initiating ART at FII/FIII (P Ͻ 0.0001 for weeks 0 and 8, P ϭ 0.003 for week 1, and P ϭ 0.001 for week 60). Although initial CAH levels did not differ significantly for individuals initiating ART at Fiebig stage II/III and stages IV to VI (P ϭ 0.56), they became significantly more divergent with time on therapy (P ϭ 0.012 at week 1, P ϭ 0.001 at week 8, and P ϭ 0.0003 at week 60).
DISCUSSION
The results of this study show that a modification of the Roche Cobas AmpliPrep/ Cobas TaqMan HIV-1 test, v2.0, can be used to monitor the persistence of HIV nucleic acid in the PBMCs of infected individuals on therapy even in the absence of detectable plasma HIV-1 RNA. The assay detects total nucleic acid (RNA and DNA) and does not differentiate between proviral DNA, nonintegrated DNA, and RNA. The assay is highly sensitive and is capable of detecting viral genomes in a single infected 8E5 cell in a reliable manner, with the results being proportional to the number of infected cells in the sample (Fig. 1) . The assay result represents virus specifically associated with the cell since the contribution from virus in the culture supernatant would have been minimized by pelleting the cells and washing the pellet 3 times in PBS prior to testing. Since 8E5 cells have but a single, integrated HIV DNA copy per cell, the HIV copy number observed is presumably due to intracellular RNA contributed by an actively replicating genome. This suggests that the signal from a replicating HIV-1 genome would be expected to predominate over that of viral DNA from quiescent cells. Since the individuals under treatment in our study had undetectable plasma viral RNA (Ͻ40 copies/ml), viral contamination from plasma in 200 l of whole-blood samples would be negligible. Previous studies using extraction with a High Pure PCR template preparation kit (Roche Applied Science, Basel, Switzerland), followed by RNase treatment, had shown that the CAP/CTM assay was specifically capable of detecting HIV-1 DNA in 8E5 cells and in whole blood of HIV-infected patients under ART (46) and demonstrated the quantitative measurement of proviral DNA in clinical samples, with concentrations varying from 1.3 to 3.8 log 10 copies/million cells (47) . In the present study, 90% of individuals who started ART at FIV to FVI had detectable CAH levels by 60 weeks of treatment ranging from 0.4 to 2.8 log 10 copies/million cells (Fig. 8) .
Other published observations demonstrated that HIV-1 nucleic acid remains detectable in whole blood even when plasma HIV-1 RNA is below the LOQ of the assay (47) (48) (49) (50) . Dilution of 10 l whole blood from HIV-1-seropositive subjects in 1.3 ml of PBS permitted direct testing by the CAP/CTM assay without preprocessing and achieved a higher diagnostic sensitivity than testing of 1 ml of plasma, detecting 59.3% of those with undetectable plasma viral RNA (48) . The signal detected was attributed to cellassociated viral nucleic acids, since the contribution of plasma in individuals with a low plasma viral load would have been below the LOD/LOQ of the CAP/CTM assay. In our study, the sensitivity of HIV nucleic acid detection in seropositive clinical trial participants was greatly improved by centrifuging cells (PBMCs or whole blood) and then subjecting the pellet to lysis with SPEX. The CAP/CTM assay detected CAH in 96.5% of frozen whole-blood samples and 98.9% of cell pellet samples from individuals on ART with undetectable plasma HIV-1 RNA (Fig. 3) . The use of higher cell concentrations and removal of inhibitors from whole blood resulted in significantly increased sensitivity. Despite the possible impact of long-term storage (at less than Ϫ70°C for 6 to 10 years) on samples selected from chronically HIV-infected individuals on ART (Miriam Hospital cohort), our results demonstrate that frozen samples can be reliably used for examination of cell-associated HIV.
Our results demonstrate that the modification of the CAP/CTM assay can be readily used for monitoring the HIV-1 reservoir in the blood compartment following ART. While the plasma viral load decreased rapidly after the initiation of therapy, CAH was undetectable by 60 weeks only in individuals who initiated ART at very early stages (Fiebig stage I/II) and in a small subset of those initiating ART at later stages of infection. For the remainder, the decline in CAH was biphasic, with a rapid initial decline tapering with time, yet CAH was still detectable and quantifiable by the modified CAP/CTM assay after 60 weeks on ART. The increased rate of residual viral reservoir loss in individuals initiating therapy early in infection compared to those initiating therapy later in infection has been well documented. Similar results have been reported for adults who initiate ART earlier in infection, who achieve lower levels of residual reservoirs of cell-associated HIV DNA (9, 50, 51) . The residual HIV reservoir decreased faster and achieved significantly lower levels, as detected by measurement of cell-associated HIV DNA, after 1 to 5 years of therapy in infants who initiated ART at a very early age than in those who delayed the start of therapy (14, 17) .
The cellular HIV reservoir measured in this assay is based on crude preparations of cells which can readily be standardized for incorporation into routine clinical testing in a clinical reference laboratory. Due to the potential presence of inhibitors and interfering material, testing of whole blood is limited to small volumes (200 l). Larger volumes of blood (0.5 to 1.0 ml) can be tested only when the erythrocytes are lysed, and cell pellets are processed using the SPEX protocol available through Roche. This step released and preserved nucleic acids from cells. Centrifugation removed insoluble material and potential inhibitors prior to testing. Cell pellets from 1 million to 2 million purified PBMCs gave valid test results in the assay, but the frequency of failed or invalid results increased when testing samples containing over 2 million cells. Replicate testing of samples with 1 million or 2 million cells each increased the assay sensitivity and the detection of low levels of CAH. Other, more sophisticated reservoir assays based on purified CD4 or cell subsets may provide more refined samples, thus permitting higher input cell numbers before inhibition is detected. However, when comparing the sensitivity of the CAP/CTM assay, based upon crude cell preparations, to that of more sophisticated reservoir assays, one would need to consider the contribution of the relative numbers of specific cell subsets, since the proportion of CD4 cells can vary from 25% to 60% of PBMCs even in healthy individuals. CAH measurements within a study should use the same sample type, input quantity, extraction method, and conversion factor for expressing cell-associated HIV nucleic acid reservoir size.
Estimates of the rate of decay of proviral DNA in blood vary greatly, with the reported half-life of cell-associated HIV DNA ranging from 12 years (51, 61) to 40 to 44 months (5) and to as little as 65 days in the case of early treatment (22) . Our studies show that the rate of decline of CAH is a function of both the timing of ART initiation and the duration of therapy. The most rapid reduction of the reservoir was observed in individuals initiating therapy at FI, with individuals with low CAH levels initiating ART at FII and FIII also showing a rapid CAH reduction. For those who had a higher initial CAH level and who started therapy later in infection, the rate of decline followed a biphasic course, with the most rapid decline being in the first few weeks after ART but with the rate declining over time. A similar biphasic decay of HIV-1 DNA in blood was also reported in infants, in which the decline is rapid in the first year after ART initiation (86% decline), slows during years 1 to 4 (23% decline/year), and subsequently plateaus (52, 53) .
Use of the Roche CAP/CTM assay on the cellular compartment of blood can provide more sensitive evidence of HIV persistence in ART-treated individuals. The modified CAP/CTM assay offers a standardized, extremely robust, and sensitive assay for assessing the residual HIV reservoir in the blood compartment with important advantages over alternative laboratory-developed tests. Performance on an automated, high-throughput, closed system with engineering controls permits the reliable quantitation of results. The modifications to sample preparation, including erythrocyte lysis and pelleting of PBMCs, or direct testing of EDTA whole blood permit a 1-day turnaround time from the time of sample receipt to the reporting of results or sample archival storage for batch testing. The assay is easily standardized and scalable, making it well adaptable for monitoring the efficacy of therapeutic strategies targeting HIV persistence after prolonged ART in large cohorts of HIV-infected individuals.
The use of the CAP/CTM assay for detection of virus in cells, however, does have certain limitations. The assay does not differentiate between expressed and nonexpressed sequences and is unable to distinguish between intact, replication-competent virus and defective genomes (54) . Exquisite sensitivity is required for measurement of the viral reservoir after therapy since even individuals with HIV-1 DNA and plasma viral RNA undetectable by current assays experience viral rebound following analytic treatment interruption (ATI) programs (20, 55) . Although the CAP/CTM assay, which has the capability of detecting a single infected cell, can be a useful technology for viral detection in individuals on ART, a potential limitation is its inability to identify infection in individuals who initiate treatment very early in infection. Our results suggest that a further improvement in sensitivity will likely require replicate testing (n ϭ 10) of cell pellets consisting of 1 million to 2 million cells per pellet. Additional sampling and processing methods will need to be validated for interrogation of cellular reservoirs which reside deep within tissues, such as the lymph nodes, gut, genital tract, and central nervous system (CNS), areas that are much more difficult to access (55) (56) (57) (58) .
In certain specific high-risk populations, where HIV diagnosis can be difficult to resolve, the modified CAP/CTM assay may provide a better alternative to current assays to determine HIV infection status, such as for HIV diagnosis following early ART, monitoring of individuals under preexposure prophylaxis, or differentiating HIV infection from vaccine-induced seroreactivity (59, 60) . Among those with HIV infection, the assay can be used to monitor the circulating cellular compartment in the absence of detectable serological markers or plasma viral load. Diagnostic applications that merit strong consideration for modified CAP/CTM assay testing of PBMCs include diagnosis of infection in neonates born to seropositive mothers, resolution of HIV-1 infection status in cases where viral RNA is not detected in the plasma, diagnostic adjudication in HIV-1 vaccine recipients who are seroreactive to vaccine antigens, and monitoring for HIV infection among individuals on preexposure prophylaxis. Additional therapeutic applications include monitoring of elite controllers, monitoring of individuals who initiated ART in acute infection, and serving as an earlier indicator/predictor of viral rebound in individuals enrolled in structured antiviral interruption studies.
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